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During  tills  period  we  have  improved  the  quality  level  of  the  fr"  x 6^'  30  Ipi 
TFT-KL  displays.  In  addition  we  have  rebuilt  the  Jigs  ;ind  tooling  and 
fabricated  30  Ipi  displays  using  a new  formal.  This  format  w.as  designed 
to  be  compatible  with  the  ECOM-ARTADS  Digital  Message  Device.  A few  runs 
with  the  new  tooling  resulted  In  reasonably  good  quality  dlspLiys  in  the 
new  format. 
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1 . Introduction 
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Up  to  this  reporting  period  we  have  demonstrated  the 

following: 

• Excellent,  near  defect  free,  thin  film  transistor  addressed  electro- 
luminescent (TFT-EL)  displays  at  20  lines  per  inch,  6"  xb" . 

• Reasonable  quality  TFl-EL  displays  at  30  lines  per  inch,  6"  x 6". 

• A process  to  increase  the  elemental  lit  area  per  cell  to  >70%. 

• The  achievement  of  drift-free  stable  high  voltage,  low  leakage  TFTs. 

In  this  report  we  will  discuss  the  continuation  of  the  6"  >:  6",  30  lines 
per  inch  work;  the  achieving  of  good  quality  (low  defect  count)  displays 
that  utilize  a reliable  second-level  output  electroding  process  is 
detailed.  In  addition  we  report  on  the  modification  of  the  technique 
that  alters  the  format  to  a design  that  allows  direct  compatabili ty 
with  an  existing  Army  TACFIRE  system  component,  the  ARTADS-Magnavox 
Digital  Message  Device  (I'MD).  A convincing  demonstration  of  the  wide 
format  universality  of  the  concepts  was  achieved;  within  a very  few 
fiibrication  runs  reasonable  qualitv  DMD  configured  displays  were  made 

Furtlier,  the  design  ol  the  elemental  cell  tliin  film  lavout  in 
this  DMD  configured  display  was  made  comp.uible  with  alternate  production- 
type  processes.  This  indicates  that  all  otiier  factors  being  equal  it 
should  be  possilile  to  fabricate  such  displays  with  metltods  more  amenable 
to  mass-production  raetliods.  Finally  the  results  of  a continuing  TFT 


test  program  are  given. 


The  tost  now  has  accumulated  over  20,000  hrs. 
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of  continuous  operation  witlj  only  a minor  cliange  in  TFT  threshold  tliat 

has  no  signilicant  impact  on  display  operation.  I'ro-jections 
from  the  data  Indicate  that  we  could  expect  -200,000  hrs.  of  operation 
(25  yrs)  and  still  be  well  within  tlie  allowable  transistor  threshold 
operational  range. 

2 . Improved  Deposition  Methods  for  Enhanced  Thin  Film  Circuit  Fabrication 
Major  improvements  were  prt'viously  achieved  in  the  display 
defect  count  through  improved  substrate  and  mask  cleanliness.  Further 
refinements  in  these  processes  failed  to  significantly  further  improve 
the  defect  level.  Yet  detailed  tracing  of  individual  defects  (elements 
on  or  off  uncontrolled  by  the  bias  levtjls,  shorted  busbar  crossovers 
and  "opepis"  in  the  thin  film  circuits)  indicated  that  particulate 
contaminants  were  still  evident  in  the  films  at  each  defect  spot. 

Analysis  has  indicated  that  a partial  cause  of  these  is  "in-system" 
particulates,  l.e.  metal  flakes  generated  in  the  vacuum  system  itself 
due  to  films  peeling  off  the  walls  and  Jig  surfaces.  The  particulates 
settle  and  are  not  significant  during  operation  but  are  swirled  through 
the  chamber  during  roughing,  (the  initial  chamber  evacuation  by  the 
rotary  pump).  To  eliminate  tliese  we  have  adopted  a procedure  whereby 
the  mask  X-Y  set  is  closed  and  tlie  substrate  clamped  to  it  during  this 
roughing  procedure.  Fhis  se.ils  tlie  mask  and  substrate  surfaces  and 
prevents  particulate  pick  up.  Although  this  procedure  has  helped  it  was 
found  not  to  be  a complete  answer.  The  film  quality  still  needed 
improvement,  black  irregular  Inclusions  still  existed  in  both  metal  and 
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dielecMic  films.  Fig  (1)  illustrates  some  of  these  microscopic 
detects.  The  species  shown,  although  small,  are  still  sufficient 
to  cause  shorting  in  the  component.  After  much  experimentation  wo  have 
now  achieved  a significant  reciu;tion  in  this  problem  through  more 
effective  degassing  of  the  source  materials,  more  uniform  sweep  on  the 
e-beam  gun  and  the  use  of  a modified  e-bea.m  gun;  the  AiRCO  .ST1H-2A. 

The  new  gun  incorpi'rates  i rot:U  ing  liearth  surround  ratlier  titan  a 
static  one  and  this  has  helped.  Fig  (2)  illustrates  a typical  6''  x A” 

30  Ipi  display  in  operation.  The  quality  level  has  improved  since 
the  last  period  although  further  advances  arc  required.  U'e  h.ive 
examined  and  traced  individual  defects  in  these  latest  di.splays.  On 
first  examination  the  bulk  of  the  defect  causing  par ti eclat es , such  as 
sliown  in  Fig  (1),  have  been  removed.  However  we  have  examined  sucii 
circuits  in  a high  power  dark  field  microscope.  i'nder  t:.ese  conditions 
it  is  clear  that  we  still  have  a particulate  defect  problem  but  now 
we  are  dealing  v%'ith  a sir..;ll  class  o!'  particles.  Fig  (3)  i 1 1 u.s t r a t es 
these  sub-micron  level  detect  ;,pt'cies  in  dark  field  microscopy. 

^ • Deve  lopmen  t t A . a Re  1 !■  ble  Secend-I.eve  L Fleet  roding  1 ' recess 

We  use  .1  l.-inin.ir  re.stst  as  an  insiilatii'C  lavi'r  and  'o  provide 
isolation  between  a top  (.locirede  and  the  iliin  film  transistor  cir.uits. 
This  m.uiti-layei  aitproiih  was  periected  in  pieviens  months,  however, 
test  operition  indicated  that  some  lirst  to  second  level  contacts  were 
not  reliable.  fhe  failure  mode  leaves  tne  original  inUnut  pad  still 
lit  thereby  indicating  tlu-  elemental  circuit  is  still  tuiutional  but 
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u 1 o r i_  M I + I r I + c.  i_  + i_i  1 o r u !■ 
Dr  SPLAY  *tPT^:EL*  DISPLf; 
DXSPLAY  iTFT^EL^:  DISPLri 

DISPLAY  .YTFT.-+:EL:*:  DISPLr 
DISf-LAY-  *TFTYEL:t:  DISPLi:, 
DISPLAY  .%TFT.1iEL*  DISPLf, 
DISPLAY  :*:TFT:*:EL:*:  DISPLf, 
DISPLAY  ;*:TFT*EL.^c  DISPLf^ 

DISPLAY  *TFT*EL*:  DISPLf, 
DISPLAY  icTFT:*:EL:|c  DISPLf, 
DISPLAY  5^:TFT:+:EL:^c  DISPLf, 
DISPLAY  :icTFT*E;L:«  UiSPL^ 


Fig.  2.  Improved  Level  of  Operation  in  6"  x 6",  30  Ipi 
2 Level  Electroded  TFT-EL  Display 


km-7:js<» 


that  the  contact  to  the  top  pad  has  opened, 


see  Fig  (4) . Detailed 


examination  revealed  that  the  pliotoresist  was  lifting  and  breaking  the 
contact.  .^fter  several  attempts  a process  that  post-hardens  the  resist 
at  the  contact  interface  with  the  glass  was  developed.  Reverse  exposure 
with  long  wavelength  ultraviolet  is  used;  the  EL  output  contact  pad 
of  the  TFT  elemental  circuits  being  used  as  the  self-aligning 'Jjhotumask . 

This  process  appears  to  work  very  well,  since  incorporat ion 
we  have  not  seen  e'/idence  of  iirst  to  second  level  failure. 


4 . Translation  of  Process  to  Alternate  Format 

As  a result  of  a contract  modification  the  process  was  now 
adapted  to  change  the  format  of  the  display  from  6"  x b"  to  3.4"  x 7.0" 
(2.9"  X 6.b"  active).  This  Latter  format  is  con^patible  with  the 
Magnavox  Corporation' s-ARTADS  Digital  Message  Device  (DMD) . It  was 
decided  tluiL  no  basic  elemcntai  c changes  wcti'  'ecdec  a.nd  tne 

sa..ie  tliiii  : i Jm  niatorial  system  v.oalc  be  used.  the  display  is  3 x 32 
char,i.:ters  (236)  'f  77  x 222  lints  '.-.•hen  .‘ully  ■'  puiateti.  The  elementai 
rtso  1 •.'.t  ion  is  tlierc'  ' 30  1 p i , li.'S'*  :o  wh..t  was  being,  t .ib  ri  c at.ed  at 

6"  X 6". 

i:  was  dett' rmined  that  tlie  tc'i.'ouing  utions  were  requited 
to  i ...p  1 1 T.ei' I this,  cliangt  . 

(1)  lie  nod i t ; eat  Lons  needed 

(a)  Noich  <,'Ut  interior  plates  lor  new  area 

(b)  hew  sub.strale  holder  foi'  new  tomiat 


(c)  New  mask  holder 

(d)  New  magnet  holder 

(2)  New  X-Y  masks  for  circuit  fabrication  needed.  It  was  decided 
that  these  would  be  exactly  to  the  required  format  but  should  have 
extra  lines  for  flexibility  and  be  on  the  required  750  um/950  pm  basis. 

(3)  New  edge  connector  masks  needed.  Must  pick  up  alternate  contacts 
to  pull  out  source  and  ground  in  appropriate  direction. 

(4)  Riston  process.  It  was  decided  to  generate  a new  photoplate  via 
metal  master  and  contact  print  as  needed. 

(5)  New  glass  substrates  needed.  They  can  be  provided  by  Corning  Glass. 

All  these  tasks  have  been  achieved  and  the  new  jig  is  in  use.  No 
significant  problems  were  met  except  for  the  edge  contact.  The 
picking  out  of  the  contacts  with  each  separate  block  in  different 
directions  was  difficult.  Several  new  methods  are  being  tried. 

Meanwhile  initial  displays  were  made  with  "single  edge"  source  and 
gate  contacts. 

The  overall  design  for  the  new  display  is  shown  in  Fig  (5). 

The  elemental  resolutions  are  750  pm  in  the  horizontal  and  950  pm  in 
the  vertical.  The  active  display  area  is  2.9"  x 6.6"  and  the  display 
has  225  x 80  lines,  all  17,920  elements  are  addressable.  A 'vO.25" 
edge  contact  border  surrounds  the  active  area. 
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5.  Results  Acliieved  with  New  Format 

After  very  tew  runs  displays  were  made  with  reasonable 
performance  levels;  ■titlu'ugii  not  ['eriec.t  the  displays  are  a convincitig 
demonstrut  ion  of  the  ease  a’'  translation  to  a new  fonnat.  Fig.  (7) 
illustrates  the  results.  Note  th.it  tno  elemental  electrical  circuit 
is  identical  to  that  used  previously  as  is  the  material  system.  Some 
cnanges  wt*re  made  in  t lie  individual  thin  film  layouts  however.  The 
reason  for  these  changes  were  two-fold. 

(a)  Through  more  detailed  e.-camination  of  layout  tolerances,  design 
rules  etc.  developed  over  se'.’er.il  years  of  o.xperienct'.  it  was  felt 
that  a single-level  display  could  be  lade  with,  this  fcrmat  Vv'ithout 
significant  sacrifice  in  the  percent  lit  area.  This  is  both  sit.j'ler  to 
make  and  possibly  couUl  have  better  life  since  it  excludes  the  potentially 
sensitive  Riston''  layer  being  overiaiii  with  a top  electrode. 

(b)  It  was  decided  to  utilize  a layout  that  was  appropriate  from  a 
future  'jjroduct  ion"  standpoint.  A production  process  would  most  likely 
require  a dedicated  mask  system  rather  than  an  X-Y  method.  This  in 

turn  requires  a computer  aided  de.sign  system  (e.g.  Applicon'  '),  computer 
controlled  photoplate  pattern  generators  .ind  complex  patterned  masks. 

These  constraints  result  in  a complex  set  of  design  rules  tliat  limit 
layout  designs.  In  association  with  Contract  /- 7h-C-002  7 a detaileu 

design  base  tollowing  those  niies  has  been  obtaineu  .nu.  the  X-V  layout 
used  in  this  program  Wos  based  on  Lhu.se  rules.  Fig  (8)  sliows  the  optimum 
layout  q.s  actually  t ,ibr  i cateii . As  (Mii  b.  .a  en  from  Fig  (7)  successlul 
displays  have  been  made  in  this  lornui',;  Imlher  impi  ovements  aie  i^xpei  Led 


as  more  attempts  aie  made  .U  ihis  loim.ii. 


Fig.  7. 


Operationdl  Perfornidnce  Level  Achieved  in  DMD  Foniidt 


6 . Coiisidc-raiiuns  RenariJinR  Display  Life 

The  factors  raised  by  life  requirements  can  be  divided  into 
three  principal  areas. 

1.  Brightness  deterioration  that  will  occur  with  operation. 

2.  Defects  that  could  occur,  elements  or  lines  turning  on  or  off 
and  not  being  controllable.  These  could  arise  because  of  sh«ris  or 
opens  in  the  circuit. 

3.  Changes  in  the  TFT  properties  with  operation  that  could  . ause 
the  elements  to  drift  out  of  specification.  This  applies  to  the  ciri-uit 
plc.te  somewhat  but  is  more  significant  if  we  vtisn  to  pursui  ’nttgr  tec 
peripheral  scanning  circuits. 

We  are  confident  tliat  we  can  satisfy  these  conditii'ns  tor  t he 
fol lowing  reasons . 

The  change  in  EL  brightness  with  operating  lite  is  knou-n  and 
definable  under  comparable  drive  and  process  conditions  ti.'  tiic'se  rt  qui  riu 
here.  hall  lives  of  5000  hr  have  been  observcui  witli  rliis  labricatiou 
method,  tlie  phosphor  tollowing  the  s i ov,  ueeay  iw  lal  i onsh  ip  siiowni  in 
Fig.  (9).  This  t'gure  is  a revisii'n  ot  prior  data^  wlieie  a si'miwhit 
longer  h;tit  life  was  indicated.  Recent  tesiilts  nave  show'n  that  liie  i ,s 
stronglv  dependent  on  the  nietlu'd  of  forming  tht'  El.  laver.  Ising,  a brusn 
type  .‘pprcMch  to  pliosplior  deposition  results  in  a liigher  piiospho  r ■ h i nue  t 
ratio-  The  result  is  that  tlie  embedded  plu'splior  l.iyer  has  si'mewliat 
longer  life  than  it  a liigh  binder  content  is  present. 

^(.hiarterly  Report  f4. 
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The  method  now  used  to  fabricate  displays  (spray)  results  in 
a higher  binder  ratio  in  the  eventual  layer.  We  have  discovered,  there- 
fore, that  a more  realistic  figure  for  a half-life  for  phosphor  layers 
prepared  in  the  same  fashion  as  the  display  is  'v6,000  hr  (see  Fig.  (9)). 
Two  factors  alleviate  this  condition  somewhat: 

1.  We  are  attempting  to  review  our  phosphor  layer  deposition 
method  to  incorporate  the  better  methods  used  in  the  earlier  life  tests. 
This  includes  silk  screening  of  the  phosphor  rather  than  spraying  it 
and  also  includes  the  incorporation  of  a thin  (800  R)  dielectric  film 
over  the  phosphor.  The  latter  prevents  lateral  leakage  and  can  be 

used  to  enhance  contrast. 

2.  It  is  possible  to  still  meet,  with  adequate  leeway,  good 
operational  life  times.  Using  the  relationship  of  Fig  (9)  and  the 
phosphor  voltage/brightness  relationship,  it  is  possible  to  convert  a 
1000  hr  requirement  (say)  into  drive  voltage.  We  have  determined  that 
AO  IL  is  more  than  sufficient  to  meet  2000  fc  legibility.  To  be  able 
to  achieve  this  after  say  1000  hr  requires  that  the  matrix  circuit  be 
capable  of  handling  a drive  voltage  equivalent  to  where  Lj^  is 
derived  from  the  value  of  (Lj^/L^  - 1).  Wlien  t = 1000  hr  in  Fig  (9) 
this  is  vO.AO.  Therefore  Lj/Ly  = l.AO  and  since  = AO  fL,  then 

L,  » 56  fL  and  the  required  voltage  drive  condition  is  '>-90  V . This 

1 ID 

is  onlv  marginally  above  the  initial  drive  requirement  of  80  V and 
is  well  within  the  capability  of  the  matrix  and  TFTs.  This  surprisingly 
small  Increase  in  the  m.iximum  voltage  rating  comes  about  because  of 
the  superlinear  brightness/voltage  relationship  inherent  in  EL  phosphor. 
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Tlic  question  ol  TF'!  matiix  "life"  Is  t'olJ  documented  and 
relerence  is  made  ’ to  previous  publications  on  this  topic.  Two  major 
factors  are  important:  the  a|)pearance  of  delects  (related  to  matrix 
shorting)  and  device  drift.  Two  classes  of  defects  are  present  in  the 
display  — initial  defects  and  those  fh.it  appear  during  life.  The 
former  are  counted  as  scrap  and  are  not,  therefore,  under  consideration. 
The  latter  we  have  found  come  under  two  categories:  those  which  appear 
in  the  first  few  hours  of  operation  due  to  poor  quality  crossovers  or 
devices  and  those  winch  appear  during  regular  operation.  Our  experience 
is  that  the  vast  majoritv  of  defects  appear  during  the  first  few  hours 
of  life.  After  this  it  is  relatively  rare  to  observe  a defect  appearing 
if  the  voltage  used  in  the  initial  burn-in  is  not  exceeded.  This 
phenomenon,  called  "infant  mortality,"  is  common  to  .ill  integrated 
circuitry.  Based  on  tins,  we  conduct  a 2-hr  burn-in  at  the  maximum 
voltage  rating  after  each  display  is  fabricated.  A failure  liere 
is  considered  part  of  f.ibrication  yield,  not  life.  (The  question  of 
initial  "as  fabricated"  de'octs  is  discussed  in  Section  (2)  above). 

Transistor  threshold  drift  is  a phenomenon  that  does  occur, 
as  indeed  it  occurs  with  all  silicon  MOSFET  transistors.  With  regard 
to  the  matrix  transistors,  it  is  o!  relatively  little  significance, 
as  has  been  discussed  previously.  Ihe  ettect  of  drift  on  alphanumeric 
or  other  non-gray  level  displays  is  minimal  since  the  devices  are 
operating  in  a saturation  mode.  Howevei , this  is  not  the  case  lor  tlie 
pheripheral  scanning  circuits.  To  test  stability,  in  a mode  not 
.significantly  different  from  tlie  operation  of  the  scanning  circuits, 
the  following  test  was  conducted. 
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The  tesL  eircuit  for  this  study  was  a free-running  astable 


!• 


k 


multivibrator  that  was  discussed  in  detail  in  the  Nintli  Quarterly 
Repo  rt . 

Prior  to  the  start  of  the  test,  curve  tracer  1-V  characteris- 
tics were  obtained  on  device  T . I'hu  circuit  was  then  started  and  left 
to  run  continuously . The  LED  i lashes  at  roughly  a 1 Hz  rate,  and 
periodic  data  was  obtained  simply  by  measuring  (wath  a stopwatcii)  the 
Lime  required  to  generate  100  pulses.  The  data  are  shown  in  Fig  (10). 
.After  20,000  hr  of  operation.  I-V  cliaracterist  ics  were  again  taken  on 
Tj^,  which  veere  ver'"  nearly  identic-al  to  tiie  origiti.il  set  except  for  a 
slight  shrinking  due  to  a small  shift  i ; lareshold  voltage  (approximately 
0.3V)  as  a result  of  slow  electronic  trapping.  There  is  no  evidence  of 
fast  trapping  as  indicated  by  the  equivalent  of  pulsed-mode  characteris- 
tics and  dc  characteristics. 

Tl'.e  change  in  the  pulse  period  .ifter  20,000  hr  of  continuous 
operation  was  1 5F  <ind  can  be  ittributed  to  tiie  shift  in  V.^,.  This  ch.mge 
in  V.j,  v,?i  til  time  is  essentially  logarithmic,  so  we  would  e.xpect  another 
15/1  shift  .if ‘or  200,000  hr  (25  years).  The  1-V  characteristics  before 
and  after  the  Lc'st  are  siiown  in  Fig. 

These  minor  ch.inges  in  V.^,  ,ue  not  signil  leant  in  the  operation 
of  the  display  or  indeed  the  scanning  cir.uit.  It  is  cle.u",  therefore, 
that  the  techn,.' li'gy  can  satist'y,  say,  .i  1000  hr  life  requirement.  To 
be  sure,  we  cannot  at  this  stage  point  to  extensive  lit,-  liata  on 
e.xisting  displays.  Such  experiments  ate  being  ■•■et  up  now  as  p>trt  of  the 
present  MFCTK  progr.mi.^  Initial  d.it.i  on  o x b in.  displ.iys  indicates 

'*’USA  LOOM  Contract  lUABOn- /n-C-0027 

I't 


! 


w 


s 


I 

i 


Fig.  11.  Device  I/V  Characteristics  Before  and 
After  20,000  hr.  Test 


good  potential.  Over  100  hr  of  noncontinuous  operation  on  a 6 in., 
20  lines/inc.  display  has  been  obtained  without  a significant  matrix 
defect  occurring. 
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7.  Conclusions 

1.  The  extension  of  the  previously  proven  6"  x 6"  20  Ipi  technology  to 
30  Ipi  is  now  well  established  and  good  quality  displays  were  made 
in  this  period. 

2.  The  second  level  electroding  process  to  increase  the  percent  lit 
area  is  now  reliable. 

3.  The  methods  have  also  been  reconfigured  under  a contract  modifica- 
tion and  displays  compatible  with  an  Army  field  terminal  (the 
ARTADS-DMD)  fabricated. 

8.  Anticipated  Results  Next  Quarter 

1.  Several  good  quality  DMD  formatted  displays  fabricated  using 
X-Y  method. 

2.  Displays  rigorously  tested  for  performance,  life,  and 
environmental  properties. 

3.  First  attempt  at  integration  of  DMD  display  with  the  compatible 
thin  film  scanning  circuit  recently  developed  under  Westinghouse 
support. 


9 . Contributing  Personnel 


Dr, 

• X • 

p. 

Brody 

Dr. 

Z.  P.  Szepesi 

D.  W.  Yanda* 

Dr. 

, D. 

H. 

Davies* 

Dr. 

K.  W.  Greeneich 

U.  hoksell* 

Dr. 

, F. 

C. 

Duo* 

W. 

A.  Hesli'r* 

hose 

persons 

1 nd i cat  ed 

worked  ei: 

isent  rally  lull  t imt 

on  the  Contract 

(■'-  400  hrs) . 


r 


9 . Publications,  Reports,  Conferences  ar.d  Leccurcis 
The  following  paper  was  presented 
'Real  Time  V'ideo  Performance  on  TFT-EL  Displays"  by  T.  P.  Brody, 

F.  C.  Luo,  Z.  P.  Szeptsi,  D.  H.  Davies,  P.  Kennedy,  AGED/ iEFF  and 
Soc.  of  Info.  Display,  Joint  Biennial  Conrerence,  N'Y , 197b. 

Although  the  work  reported  was  principally  supported  by 
Westinghouse  tins  progr.im  reported  here  was  also  a contributory 
factor  and  was  so  acknowledged. 


o 

cc 

o 

X 

LU 

o 

>— 

ct 

to 

o 

z 

U- 

z 

UJ 

K— 

LD 

o 

o 

z 

*— * 

ID 

llJ 

I— 

Q 

O 

>- 

o 

<x 

UJ 

— J 

ct 

o 

X 

•— « 

o 

lO 

»— 4 

oO 

UI 

►— 

►- 

z 

z 

f- 

o 

CM 

fcO 

3 

*— 

z 

ct 

Q- 

1 

O 

ct 

X 

z 

UJ 

>- 

a 

X 

cr 

X 

UJ 

o 

cr 

CD 

Ui 

O' 

c 

o 

;j7 

<j 

■cr 

JC 

>- 

o 

o 

o 

o 

o 

Ct 

K- 

(T 

•«y 

_J 

CM 

o: 

UJ 

CM 

to 

<o 

to 

cc 

o 

CO 

ro 

in 

Lt1 

o 

o 

UJ 

Ct 

fO 

a. 

rn 

Q:: 

a 

L*J 

*— < 

lO 

•-• 

►- 

rr 

o 

z 

cc 

o 

cr 

O 

UJ 

UJ 

fO 

_J 

o 

CM 

••i 

o 

X 

»— « 

a 

CM 

c 

CM 

K- 

r> 

Ol. 

>- 

►— * 

O 

cr 

cr 

CJ 

o 

tO 

o 

Z 

UJ 

CM 

o 

to 

Z 

z 

Ct 

o 

o 

o 

H- 

t_> 

cr 

UJ 

o 

CM 

-J 

►— 

c; 

>- 

r:? 

a: 

>* 

o 

UJ 

:r. 

CD 

UJ 

Z 

C: 

*— 

CJ 

UJ 

z 

cX 

cc 

o 

cO 

c: 

ct 

z 

z 

_j 

z 

»— * 

z 

CO 

:> 

UJ 

CD 

V- 

_J 

►-H 

►-» 

% 

CD 

t~ 

X 

UJ 

2f. 

X 

CJ 

Cd 

. » 

a: 

cr 

UJ 

z 

•.a 

Z 

<_> 

z 

cr 

o 

ID 

<-C 

ft- 

u> 

O'. 

o 

O’ 

•hr 

re 

0- 

Z 

o 

fr 

<t 

c: 

CD 

U- 

c 

<D 

LJ 

-J 

o 

J> 

<X 

<-o 

<s 

X 

c:3 

►— 

o 

»— 

•> 

o 

O 

o 

to 

O 

LU 

-j 

LiJ 

<i 

O 

-j 

o 

CJ 

o 

o 

Q 

X 

UJ 

> ■* 

o 

to 

•-* 

Z 

LT 

z 

to 

z 

Z 

Z 

c 

UJ 

<x 

*— 4 

<i 

— J 

•• 

Ui 

.’-a 

■ct 

D 

•• 

•• 

*-i 

<r 

1 — 

•• 

X 

<r 

z 

fr— 

> 

X 

z 

X 

z 

X 

X 

UJ 

*— 4 

z 

UJ 

z 

u. 

r> 

K~ 

z 

Ct 

H- 

_J 

X 

V— 

to 

f- 

to 

X 

> 

1— 

*— « 

a 

h- 

cC 

CD 

X 

K- 

o 

C?i 

•< 

o 

►“ 

•cc 

a 

UJ 

■cf 

o 

►- 

X 

o 

c > 

•Jt 

•tl 

CO 

CJ 

X 

<c 

3C 

X 

o 

o 

Cl 

X- 

o 

cr 

<r 

c: 

E-« 

<3 

r- 

o 

CM 

iM 

v*« 

CO 

o 

o 

O 

o* 

O 

•-< 

o 

o 

o 

o 

M 

CM 

o 

CM 

o 

CM 

O 

CM 

o 

CM 

o 

m 

o 

.-4 

M 

e 

cn 


UJ 

z 

» 

ir 

UJ 

z 

h~ 

CD 

UJ 

o 

cr 

X 

o 

«-N 

>- 

UJ 

CJ 

U'\ 

cr 

o 

tO 

►— » 

or 

z 

cr 

•u 

ft: 

z 

z 

> 

<1 

c 

o 

<5* 

cr 

CD 

CD 

UJ 

CD 

in 

UJ 

1 

a 

cc 

Z 

*—* 

C.V 

—I 

o 

to 

i 

cc 

r»"> 

ui 

►— 

O 

ro 

UJ 

r *x 

tv 

CM 

> 

C 

ct 

CM 

►— 

CM 

X 

o 

CJ 

cc 

CM 

CM 

z 

z 

■j- 

*: 

UJ 

O' 

<t 

«• 

CM 

UJ 

CD 

fjt 

O 

CD 

cr 

•4-r 

O 

<1 

3- 

►-« 

Uj 

4_; 

«x 

CM 

ID 

cn 

CD 

> 

■<t 

•D? 

o 

H- 

J— 

CM 

~ • 

I— 4 

» 

•< 

> 

o 

K- 

liJ 

UJ 

_J 

X 

z 

o 

1 

►— 

% 

-J 

•^ 

jD 

vv 

z 

o 

CJ 

to 

*— « 

r' 

Z 

X 

C ' 

-J 

CD 

u. 

Z 

o 

cr 

CM 

UJ 

UJ 

-i; 

in 

h- 

o 

r- 

CD 

u. 

o 

z 

o 

u 

►-4 

UJ 

CJ> 

o 

O 

CM 

V- 

to 

o 

z 

D" 

wlJ 

=“ 

Z 

•-4 

CM 

z 

UJ 

■-r 

O 

1 ir 

•- 

X 

<t 

CD 

CD 

•iil 

z 

CJ 

z 

Ui 

z 

UJ 

X 

UJ 

o 

►-* 

U J 

d: 

UJ 

X 

4 

ta 

u 

D* 

UJ 

C' 

«t 

o 

t/^ 

L- 

CJ 

o 

o 

u. 

CD 

a 

UJ 

-T 

_l 

CD 

tj 

CO 

(a 

U» 

UJ 

o 

u. 

o 

x: 

o 

C-> 

<t 

'I  ^ 

CD 

o. 

CD 

K- 

CJ 

"r 

cr 

« J 

•4^ 

^ 4 

CM 

ro 

^•4 

'T 

'D 

o 

r-4 

U> 

o 

O 

o 

o 

(D 

o 

%-4 

o 

«-4 

o 

CM 

O 

¥~ 

a. 

la 

o 

cr 

o 

>- 

X 

X 

X 

c 

X 

K- 

to 

4ll 

X 

in 

•<? 

o 

.13 

m 

• 

CD 

•a 

O 

J 

Z 

a 

IM 

►—4 

o 

r^. 

p V 

X 

o 

CM 

CJ 

UJ 

r-. 

CJ 

'C 

CD 

if 

UJ 

»-4 

X 

CM 

z 

o 

-i 

w 

o 

la 

UJ 

’ . .1 

c*^ 

C*' 

o 

*x 

UD 

CD 

CD 

^ ‘ J 

z 

^4 

ro 

CJ 

X la 

CD 

► - 

D ■ .* 

UJ 

►>* 

CD  X 

C.3 

O 

1 r 

CJ 

■>v 

►— 

: ’ f 

u 

u: 

O 

CD 

CJ  a 

•• 

1 4 

UI 

to 

OD 

CJ 

UJ  -4 

z 

o 

or 

X :> 

»•- 

tO 

t • 

1 i r: 

»-  • 

UI 

CD 

CD 

►-*  «t 

•a 

tr 

► - 

a. 

z 

«a 

4; 

* . t 

❖ 

n 

v-4 

r 

o 

CD 

o 

(Ni 

CD 

CM 

o 

2 


o 

o 

2 

<t 

<t 

X 

i/5 

m 

X 

o 

o 

«/7 

o 

o 

o 

>- 

2 

-J 

CVJ 

<£ 

U5 

X 

X 

_J 

Z 

o 

X 

UJ 

<x 

X 

a 

¥— 

Z 

to 

UJ 

i/5 

>• 

to 

3: 

Q 

UJ 

to 

cr 

Ui 

2 

> 

•X 

>- 

r) 

»— • 

z 

iO 

a 

h- 

o 

>- 

>- 

(T 

o 

o 

z 

GO 

X 

K- 

>o 

z 

o 

<3 

O 

I— 

O 

ro 

►— 

Ul 

2 

n> 

o 

5> 

sO 

<1 

1— i 

X 

o 

<c 

o 

or  H- 

> 

i 

or. 

€0 

o 

o 

iw 

u t 

a 

• 

>-  f 

X 

0- 

H-  >- 

cr 

2 

3:  > 

<C  »/> 

a. 

►— 

*— « 

oc  <x 

o 

% 

•t 

3.  X 

or 

►- 

cz 

2- 

•cr  co 

c;’ 

to 

cr 

cr 

2 

LJ 

cr 

cr 

CVJ 

UJ 

X O UJ 

O 

>- 

o 

% 

to  Q 

^5 

o 

X 

UJ 

2 

X 

z 

13 

X 

o 

z 

c:  •• 

o 

■C 

cr 

•• 

UJ 

•• 

o 

-J 

•< 

<X  2T 

£t 

X 

2 

cr 

•i  Z 

CO 

►“ 

UJ 

X 

H- 

cr 

cr  ►“ 

• 

2;: 

i/5  »~ 

05 

o 

t/5 

»— 

<t 

Q •- 

o 

►— 

o 

r>  <t 

«_> 

O 

■C 

CL 

to 

o 

o 

o 

o 

o 

O 

o 

o 

<r 

o 

o 

m 

z 

fl 

o 

UJ 

Q 

o 

CO 

CO 

2 

oc 

cr 

1 

N- 

o 

«t 

O 

X 

or 

>- 

cr 

“5 

cr 

z 

UJ 

z 

<t 

z 

UJ 

Q 

z 

*o 

o 

Z 

«t 

oc 

<c 

K- 

cr 

<c 

UJ 

z 

UJ 

> 

X 

o 

J— 

> 

X 

o 

o 

•—4 

►— 

o 

o 

o 

o 

a. 

o 

tj 

CVJ 

CVJ 

o 

*f  < 

o 

o 

cn 

o 

tp 

iT» 

O 

cO  O 

CD  — • 

<t  CVJ 


QC 

CM 

CO 

X 

CD 

UJ 

to 

O 

UJ 

cr 

o 

a 

— 1 

OO 

o 

O 

1 

<. 

X. 

o 

X 

o 

a 

z 

X 

>J 

r- 

z 

O 

_J 

o 

C3 

o 

• 

z 

• 

•-H 

o 

tO 

CO 

a. 

o 

<I 

h~ 

o 

cr 

c 

>- 

c 

Q 

>- 

X 

CM 

> 

cr 

o 

o 

o 

5T 

z 

O 

a 

Q 

cr 

• 

a 

<1 

o 

• 

Z 

u. 

X 

1 

Q 

1 

cr 

<c 

cr 

O 

-J 

cr 

ex 

9 

z 

>— 

♦—4 

z 

o 

CD 

cr 

5T 

H- 

cr 

-J 

cu 

>~ 

or. 

Lij 

X 

35 

a. 

«Z 

o 

to 

to 

cr. 

^V- 

X 

Z 

c: 

tO 

cr 

cc. 

c 

cr 

X 

X 

9— 

cr 

or. 

H- 

a 

<c 

►— 

z 

oc 

•-» 

-JC 

% 

cr 

cr 

z 

<t 

o 

Q 

>- 

o 

o 

> 

«X 

z 

Q 

>- 

UJ 

■< 

-J 

a 

»— • 

o 

> 

C3 

UJ 

o 

z 

Z 

X 

o 

»— 

X 

Z 

UI 

X 

X 

X 

►— 

X 

UJ 

rr 

•• 

C_) 

oc 

•« 

<t 

cr 

•« 

Q 

M 

CL 

o 

cr 

•» 

o 

«r 

X 

X 

z 

►- 

UJ 

1- 

z 

•< 

z 

o: 

z 

o 

•J 

UJ 

<i 

Z 

a' 

o 

to 

2J- 

r- 

cr 

cr 

►- 

cr 

X 

►“ 

UJ 

a 

o 

Ui 

cr 

►- 

Ui 

o 

< 

o 

lO 

*- 

o 

»— * 

iO 

o 

o 

to 

»— 

OD 

o 

»— 

CO 

Q 

•— » 

to 

act 

X 

72 

•ct 

u. 

a 

x> 

be 

o 

3 

o 

CM 

«x 

o 

3 

<1 

HftRRv  clfiMQNn  LABORATORIES*  OfPT  Or  &RMY 
ATTNi  0RXDC*HCB  fOR.  J,  NEMARICh) 

7600  PGHDER  mill  ROAn  515  PROJECT  MANAGER*  REMRASS 

ADELPrtI*  MD  20783  ATTNi  ORCPM-RBS 

,002  PORT  MONMOUTH*  Nj  07703 


QC 

>- 

UJ 

-1 

K- 

z 

0 

Z 

Ul 

0 

UJ  40 

0 

X 

0 0 

0 

>- 

-J 

«/) 

0 

q: 

z 0 

V 

z 

Ul 

0 z 

m 

h- 

Ui 

UJ 

>- 

>~ 

Ul 

m 

CO 

0 

0 

0 

40 

»—  UJ 

*T 

> 

ro 

X 

z 

0 

0‘ 

40 

a: 

tn 

3 

rsj 

Ui 

0 

K. 

X 

>o 

0 

CVJ 

0 

u. 

X 

cc 

X. 

q:  X 

N. 

0 

q: 

UJ 

1 

X 

<5 

X 

0 

or 

UJ 

40 

c 

0 

*- 

U! 

»- 

G5 

u 

X 

-ti 

3C 

T> 

0 

_J 

X 

Z QC 

1— 

Q 

0 

>- 

or: 

1 

0 

A 

UJ 

X 

X 

•— 

»— 4 

<5 

(/» 

*/> 

% 

• 

«4 

0 

z 

< 

iO 

Q Z 

40 

cr 

^ iO 

c 

cr 

0 

UJ 

►H 

<c 

K- 

UJ 

UJ 

IX. 

0 

UJ 

cr 

cO 

or: 

o 

>• 

Q >- 

-J 

0 

0 X 

Q 

0 

Q 

»— « 

a 

<0 

z 

QQ 

Z X 

CO 

z 

►— « 

X 

'~w 

UJ 

z 

ZD 

«< 

or 

•• 

-X  a: 

z — 

<C 

•* 

<t 

3: 

H- 

x:  <£ 

1- 

X z 

»— 

X 

<<-4 

X 

•. 

X 

cr 

X 

cr 

X 

0 t— 

nc 

»— 

0 

Ul 

DC 

c: 

cO 

►- 

0 

0 40 

0 

0 

UJ  h“ 

0 

0 

►— 

0 

-J 

Q 

0 

ZD 

<c 

u. 

0 r> 

u. 

0 

►-  <t 

u 

0 

ir* 

«c 

0 

« 4 

tn 

•-4 

>o 

rn 

10 

0 

ir> 

0 

iD 

0 

0 

0 

0 

0 

LO 

0 

40 

0 

40 

0 

40 

Q 

X 

40 

0 

X 

•d 

> 

—I 

Uj 

Q 

0 

X 

a 

CO 

d 

UJ 

cr 

Z 

X 

0 

0 

c 

'O 

0 

*— • 

o_ 

0 

Q. 

h- 

C\) 

cr 

CM 

CD 

<X 

4-4 

UJ 

CM 

►- 

h~ 

ro 

to 

CM 

>- 

<1 

cr 

04 

►— 

> 

UJ 

4— 

_J 

►~4 

UI 

; 

<1 

or. 

% 

z 

1 

:> 

f 

cr 

»— « 

<I 

X 

CD 

03 

4J7 

Q 

•4 

0 

U. 

0 

z 

c: 

z 

QC 

X 

X 

> 

a* 

UJ 

■ct 

0 

a 

Ui 

a: 

—1 

UJ 

4- 

►- 

o 

>• 

0 

Ui 

0 

X 

C3 

0 

z 

>: 

OJ 

z 

X 

»• 

z 

z 

•j: 

QC 

•« 

ct 

Z 

•— < 

*~4 

X 

z 

H- 

X 

d 

»— 

— J 

-J 

3- 

h- 

ct 

2‘ 

h~ 

cc 

cr 

CD 

to 

h- 

0 

0 

4<D 

•cC 

•ct 

<c 

0 

zz 

<c 

u 

CJ 

ZD 

w~* 

CO 

• •4 

0 

0 

>C 

0 

vO 

0 

40 

0 

40 

>- 

o 

o 

<c 


to 

0 

z 

0 

c 

N- 

r^ 

►— 

u; 

0 

UJ 

<z 

CD 

CD 

4J 

p-^ 

CD 

M-4 

•—# 

U 

z 

U 

z 

Q 

u. 

u 

ZD 

m 

cr 

fO 

0 

c: 

X 

0 

d 

0 

Dt: 

X 

K- 

X 

X 

or 

X 

0 

rw 

CD 

N. 

CD 

<t 

CD 

u> 

0 

H- 

0 

or 

a. 

or 

d 

a 

UJ 

or 

“D 

UJ 

UJ 

u 

►- 

z 

cr 

Z 

to 

— j 

to 

1 

UJ 

45 

UJ 

-J 

4_> 

«4 

UJ  • 

cr 

O. 

z 

or 

_J 

40 

X 

0 cr 

X 

d 

UJ 

• 

H- 

Q 

h- 

>- 

i 

•—4 

►—4 

>> 

»— 

X 

ZD 

U. 

ZD 

0 

or. 

<c 

cu 

0 

u 

CD 

z 

X 

CM 

►— 

;v 

or 

40 

CD 

3' 

C 40 

j- 

d 

X 

CM 

<»T 

Ul 

cr 

Z 

tO 

z 

cr 

X 

0 

>• 

a 

0 

CD  CD 

0 

40 

0 

CD 

to 

z 

X 

X 

d 

3" 

Z3 

X 

X 

z> 

or 

•• 

►-  -• 

— 

0 

d 

X 

<t 

z 

»— 

1 Z 

H 

z 

rt3 

UJ 

X 

cr 

4- 

ct 

U 

►- 

to 

CT 

0 

40 

4— 

a 

cr  r- 

0 

Q 

»— 

0 

UJ 

0 

CJ 

ZD 

«* 

u 

u 

CD 

d 

O- 

cr 

CJ 

Ul 

CD 

z 

d 

0 

r- 

^sl 

0 

40 

or 

►- 

^- 

*— * 

Ui 

>- 

Z 

tO 

►— 

cr 

eg 

a 

CM 

to 

z 

d 

00 

d 

Ul 

or. 

0 

CJ 

CD 

CD 

0 

• 

z 

>- 

►-4 

-> 

cr 

f— 

Ul 

«t 

d 

40 

z 

• 

ic: 

Ul 

X 

0 

ct 

or 

K- 

CJ 

d 

_J 

UJ 

z 

• 

CL 

0 

CD 

H- 

__J 

a 

X 

X 

m 

»—* 

v.> 

d 

P-4 

0 

UJ 

c: 

oc 

a 

Z 

to 

— J 

or 

3. 

CM 

0 

d 

d 

►-4 

C9 

a 

• 

ft 

I 

0 

X 

Z 

u. 

Q 

CD 

1— 

0 

u 

►—« 

Q. 

d 

►- 

z 

3 

<4 

UJ 

n 

I 

»-4 

•—» 

K- 

CD 

>- 

ff 

z: 

»<4 

0 

or 

tO 

1 

<D 

c 

X 

>- 

ir 

fV 

H- 

H-  z 

ZD 

C3 

X 

►— 

CM  K- 

0 

CD 

V 

rvj 

z 

to 

C'* 

d 

Ul 

>- 

rz 

or 

^4 

X 

►- 

d 

f— 

0 

«< 

z 

0 

0 

CD  >-- 

d 

cr 

to 

to 

0 

0 

X 

.r 

z y 

X 

a: 

0 

ir 

0 

d 

d tr 

•• 

•• 

UJ 

«o 

CD 

z 

CD 

Ul 

3.  d 

Z 

z 

X 

K- 

P—4 

UJ 

i— 

t/3 

z 

(X 

a 

»•* 

•X 

rr. 

'» 

»- 

f- 

CD 

UJ 

0 tO 

♦— 

ZD 

0 

ft 

C3 

P-. 

UJ 

a. 

ft 

<J  ^ 

«4 

U. 

0 

d 

C'' 

U 

0 

D 

COUNTERF  If^t  department  i ATTNI  ETL*TD-EA 

2 F3PT  SIlL^  C>^  TS'jOS  I OOl  FORT  BELVOIR,  VA  22060 


c 

u 

cu 

V 

o 

• 

■*' 

— 

'i 

* • 

CN 

1”^ 

V. 

i-H 

*x. 

a' 

o 

IT' 

c.^ 

'O 

" 

0; 

V . 

»• 

'V 

.r 

o 

O 

, — 1 

4J 

• r-< 

r- 

• 

r ~ 

c; 

O 

• 

U 

03 

cC 

Ci- 

to 

to 

to 

o: 

ur 

UJ 

fj 

o 

c; 

to 

cr 

<i 

o 

:> 

3 

3 

a: 

UJ 

tj 

w* 

CD 

UJ 

CO 

o 

cr 

CZ3 

►- 

o 

o 

O 

UJ 

cr 

►- 

z 

QC 

z 

o 

Z 

*— 

3 

O 

3 

o 

3 

o 

X 

3 

cr 

CL 

3 

CJ 

o 

o; 

U. 

q: 

3 

H- 

UJ 

u 

Q. 

#— 

i~ 

1— 

o 

z 

3 

3 

o 

X 

o 

X 

>— 

z 

Q 

o 

3 

X 

z 

*- 

UJ 

Ul 

o 

to 

UJ 

3 

3 

3 

o 

•— » 

V) 

_J 

o 

3 

z 

o 

CC 

<x 

cr 

#n 

UJ 

UJ 

L3 

rv» 

Mr 

«x 

o 

tO 

u. 

CM 

•=r 

z 

■ 4 

3 

z 

o 

o 

o 

o 

fo 

o 

z 

¥- 

«-• 

z 

•— 1 

>~ 

o 

3 

<t 

►—* 

% 

CM 

cn 

CM 

o 

UJ 

o 

o 

v: 

UJ 

o 

<C 

CM 

> 

<X 

X 

o 

CM 

X 

3 

f 

>- 

Ul 

o 

x 

UJ 

o 

UJ 

ro 

UJ 

Z 

• 

3 

> 

CM 

<x 

Q O 

O- 

QC 

« 4 

Q_ 

CD 

c: 

X 

3 

3 

X 

Z> 

Q 

3 

QC 

LJ 

LJ 

o 

3 

3 

X 

•— 

o 

Z 

X 

to 

x> 

UJ 

CC 

<x 

UJ 

(T 

X 

UJ 

o 

cO 

>- 

O 

to 

>- 

X 

UJ 

X 

u> 

cr 

• 

V. 

• 

X 

o 

3 

or: 

— i 

a: 

z 

ct: 

z 

UJ 

•> 

o 

UJ 

< 

3 

CJ 

U. 

z 

03 

z 

o 

Mr 

C5 

>~ 

X 

<< 

u- 

Z 

a 

% 

Q 

% 

• 

o 

o 

% 

o 

o 

% 

>- 

* 

3 

•— 

• 

40 

Z 

Z 

-J 

uo 

Ot 

h- 

>> 

►H 

>- 

UJ 

UJ 

o 

to 

t/) 

z 

ct. 

Z 

cr 

3 

CD 

<t 

3 

CNi 

X 

o 

tt; 

cr 

X 

X 

to 

or 

3 

>■' 

3 

o 

xr 

►— « 

>— 

3 

CM 

z 

o 

<c 

o 

o 

< 

o 

t-> 

3 

*~4 

itJ 

*— « 

% 

z 

IK 

C5 

to 

3 

O 

•- 

to 

>• 

tO 

•• 

> 

>“ 

Ut 

UJ 

Zl. 

•— 

►- 

mm 

r 

n 

M 

_J 

3 

►-* 

O 

X 

21 

►— 

»-* 

3 

t^) 

z 

3 

cr 

Z 

o 

»-4 

•5C 

>- 

»- 

o 

►— 

c/> 

X 

> 

»— 

X 

C3 

K- 

m 

3 

«t 

< j 

:> 

»- 

o 

3 

►- 

< 

-J 

»— 

o 

o 

LJ 

o 

o 

UJ 

<1 

o 

O 

3 

►— 

J3 

3 

►— 

o: 

z 

CD 

-< 

X 

<r 

CM 

z 

-t 

CM 

z 

CC 

m 

o 

a 

o. 

<x 

3 

V 

X 

CT' 

in 

CM 

V5 

CM 

N. 

v-4 

—4 

o 

CM 

<•4 

o 

O 

o 

O 

O 

O 

O 

C') 

o 

D 

O 

K 

o 

o 

O 

o 

O 

o 

6 


505  king  AVENUE 
001  COLU^SUS#  OH  A3201 


